be due to crosscontamination of nuclear preparations by cytoplasmic fractions, as the same nuclear preparation was negative for cytoplasmic marker c-Raf-1. Similarly, crosscontamination of cytoplasmic preparation by nuclear fraction was also minimal. We corroborated Western blotting findings by immunocytochemical analysis using isolated nuclei from cortical neurons (Nuclei EZ prep, Sigma) (see Supplemental Figure S1 at http:// www.neuron.org/cgi/content/full/38/1/33/DC1). These results confirm the nuclear coexpression of Cdk5 and p35 with MEF2 in cultured cortical neurons, suggesting that Cdk5/p35 kinase complex is in a position to regulate MEF2. 
Phosphorylation of MEF2 by Cdk5

Cdk5 may target prosurvival transcription factors such
To investigate whether Ser 444 is indeed phosphorylated as MEF2. To investigate the potential involvement of by Cdk5, we mutated Ser 444 to Ala (MEF2DS444A) and Cdk5 in regulating MEF2, we first sought to demonstrate tested the effect of this mutation on phosphorylation by nuclear codistribution of Cdk5, p35, and MEF2 in our Cdk5. Mutation at Ser 444 led to a significant reduction model of cultured primary cortical neurons. Previous of Cdk5 phosphorylation of C'-MEF2D ( Figure 2E ) and studies have shown expression of MEF2 isoforms in the a loss of the inducible phosphorylation of peptide I (data nucleus of cortical neurons. Using specific antibodies not shown), establishing Ser 444 of MEF2D as the major against Cdk5, p35, and MEF2D (no crossreactivity; data site phosphorylated by Cdk5. not shown), we determined by Western blotting the exTo examine Cdk5-mediated phosphorylation of MEF2 pression levels of these proteins in the nuclear extracts in cells, we metabolically labeled HEK293 cells that were prepared from cultured primary cortical neurons. High transiently transfected with a construct for GAL4-levels of Cdk5 and p35 were present in the cytoplasmic MEF2A with 32 P-orthophosphate and determined the extracts, consistent with previous findings. Although levels of phosphorylation by autoradiography following less abundant than in the cytoplasm, both Cdk5 and anti-GAL4 immunoprecipitation. Compared to the conp35 were consistently detected by Western blotting in trol, the level of GAL4-MEF2A phosphorylation was the nuclear fractions from cortical neurons, codistributgreatly enhanced with the coexpression of Cdk5/p25 ing with nuclear marker Histone H1 and MEF2D ( . Cotransfection with mutant MEF2-DS444A (expressed at a level comparable to that of glutamate observed here is long lasting (more than 3 hr). Roscovitine largely reduced such an increase. Conwild-type MEF2D) inhibited apoptosis by about 70%, whereas overexpression of wild-type MEF2D was much sistent with the increase in Cdk5 kinase activity, glutamate also induced phosphorylation of endogenous less effective at reducing apoptosis, consistent with the notion that Ser 444 is a critical regulatory site by which MEF2D at Ser 444 in cortical neurons, which was reduced by Roscovitine ( Figure 6C ). Together, these data sugCdk5 inhibits the survival-promoting function of MEF2. Figure 4E , treated cells with glutamate as described in Figure 6A , and measured phosphorylation cate that enhanced activity of MEF2 is sufficient to block Cdk5/p25-induced neuronal apoptosis. Furthermore, at Ser 444 by phospho Western blotting following anti-GAL4 immunoprecipitation. Glutamate treatment inthey suggest that MEF2 functions downstream and is one of the principal nuclear targets of Cdk5 in Cdk5-duced GAL4-MEF2D phosphorylation at Ser 444 ( Figure  6D other Cdks may phosphorylate MEF2 during neuronal apoptosis under different conditions or target MEF2 with veals a novel molecular mechanism by which deregulated Cdk5 couples neurotoxic insults to the nuclear different kinetics. Phosphorylation of MEF2 by Cdks may represent a more general mechanism for cells to survival machinery, thus expanding the spectrum of processes and substrates regulated by Cdk5 and establishregulate MEF2 activity. On this note, it is tempting to speculate that the often-observed poor transactivation ing its role in the nucleus. These data suggest that in response to toxic insults, Cdk5 may mediate neuronal activity of the endogenous MEF2 in actively proliferating cells may be due to phosphorylation of MEF2 by high apoptosis through two distinct mechanisms, a cytoplasmic mechanism that triggers cytoskeleton disorgalevels of Cdks as cells progress through cell cycle. Confirming this would strengthen the importance of Cdknization and a nuclear mechanism that directly interferes with the function of survival-related gene transcription dependent regulation of MEF2 and broaden its role, both physiologically and pathologically, in proliferating and (model, Figure 7D 
The expression level of Cdk5 in transfected cells regest that Cdk5 may mediate glutamate-induced phosphorylation of MEF2. We tested if glutamate-induced mained about the same with or without coexpression of MEF2s, suggesting that the observed reduction of MEF2 phosphorylation is Cdk5 dependent in neurons. We overexpressed GAL4-MEF2D in neurons as deapoptosis was not due to changes in the level of Cdk5 expression (data not shown). These results clearly indiscribed in
